1/1 


ftOHMfl  471 
UNCLASSIFIED 


EFFECT  OF  OROANOPHOSPHATE  CONFOUNDS  ON  RENAL  FUNCTION 
AND  TRANSPORTS)  NEBRASKA  UNIV  NED  1  CAL  CENTER  OMAHA 
DEPT  OF  PHARHACOLOGV  U  0  BERNDT  15  SEP  82 
DAHD17-82-C-2228  F/O  C/ll 


NL 


KICROCOPY  RESOLUTION  TEST  CHART 

NATOMAL  BUfftMj  Of  STAMOAKOS  1963  A 


4D-A 181 


0 


EFFECT  OF  ORGANOPHOSPHATE  COMPOUNDS 
ON  RENAL  FUNCTION  AND  TRANSPORT 


one  FILE  COPV 


ANNUAL  REPORT 


WILLIAM  0.  BERNDT 


15  SEPTEMBER  1983 


Supported  by 


U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Fort  Detrick,  Frederick,  Maryland  21701-5012 


Contract  No.  DAMD17-82-C-2220 


University  of  Nebraska  Medical  Center 
Department  of  Pharmacology 
42nd  and  Dewey  Avenue 
Omaha,  Nebraska  68105 


DTIC 

ELECTE 
JUN2  2  887 


Approved  for  public  release;  distribution  unlimited 


The  findings  in  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Army  position  unless  so  designated  by  other 
authorized  documents. 


87 


2  A 


A* fUCUtfUAH. 


K 


SECURITY  CLASSIFICATION  OF  THIS  FACE  ("hen  Data  Entered) 


REPORT  DOCUMENTATION  PAGE 


I.  REPORT  NUMBER 


a.  OOVT  ACCESSION  NOJ 


4.  TITLE  (end  Submit) 

Effect  of  Organophosphate  Compounds 
on  Renal  Function  and  Transport 


7.  AUTHORO) 

UllllaiQ  0.  Berndt,  Ph.D. 


S.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Department  of  Pharmacology 
University  of  Nebraska  Medical  Center 
42nd  and  Dewey  Avenue,  Omaha,  NE  68105 


II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

U.S.  Army  Medical  Research  and  Development 
Command 


Fort  Detrick,  Frederick,  Maryland  21701-5012 


W.  MONITORING  AGENCY  NAME  A  AOORESS(lt  different  from  Controlling  O I  lice) 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


S.  RECIPIENT'S  CATALOG  NUMBER 


S.  TYPE  OF  REPORT  A  PERIOD  COVERED 

Annual:  1  Sept.  82-31  Aug.  d3 


S.  PERFORMING  ORG.  REPORT  NUMBER 


S.  CONTRACT  OR  GRANT  NUMBER^*) 

DAMD  17-82-C-2220 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 


12.  REPORT  OATE 

15  Sept.  83 


is.  NUMBER  OF  PAGES 

49 


IS.  SECURITY  CLASS,  (ol  this  report) 

No  classification 


15a.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


15.  WSTRIBUTION  STATEMENT  (at  thle  Report) 


Approved  for  public  release; 
distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (at  the  abetrect  entered  In  Black  20,  It  different  treat  Report) 


IB.  SUPPLEMENTARY  NOTES 


IB.  KEY  WORDS  (Continue  on  rarer ee  aide  If  neceeemry  end  Identity  by  block  number) 

organophosphate  compounds  renal  function 

cholinesterase  Inhibitors  renal  PAH  transport 

diisopropyl-  fluorophosphate  renal  TEA  transport 

DFP  renal  organic  ion  transport 


20s  ABSTRACT  fC mxttaum  «a  w»f 


t  Identity  by  block  number) 


The  present  program  was  undertaken  to  examine  whether  or  not  organo¬ 
phosphate  cholinesterase  inhibitors  have  effects  on  renal  function  and  trans¬ 
port  in  the  rat.  These  studies  were  proposed  because  of  several  suggestions 
in  the  scientific  literature  that  cholinergic  agents  may  have  direct  effects 
on  renal  transport  above  and  beyond  effects  exerted  through  changes  in  renal 
blood  flow.  The  organophosphate  inhibitors  are  particularly  suitable  because 
of  their  long  lasting  effects. - ^  £>  *  c  * 


DO, 


FORM  li7, 
JAM  7S 


EDITION  OF  1  NOV  SB  IS  OBSOLETE 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  fPWt  Dote  Entered) 


TP' 


MCCUWTY  CLASSIFICATION  OF  THU  f»AOK(TWi«»  Dts  Eltfn4) 


Block  20: 


To  date,  two  types  of  experiments  have  been  undertaken.  First,  studies 
were  undertakee^In  unanesthetized  ratq> to  examine  the  effects  of  diisopropyl 
fluorophosphate  (DFP)  on  overall  renal functtoa^Animals  were  given  single 
subcutaneous  doses  of  DFP  ranging  from  1  to  4  mg/kg7''p4aced  in  metabolism 
cages,  and  renal  function  followed  for  several  days.  These  studies^ indicated 
that  DFP  caused  Increased  urine  flow,  a  decreased  osmolality  of  the  urine, 
an  increased  sodium  excretion,  and  an  increased  excretion  of  protein,  glucose 
and  blood.  No  effects  were  observed  on  the  excretion  of  potassium.  The 
effects  were  of  a  transient  nature  with  a  return  to  the  control  status  by 
24  hoursliThe  effects  observed  did  not  correlate  well  with  inhibition  of 
renal  chol£hasterase. 


Clearance  studies  on  anesthetized  animals  confirmed  the  results  on  the 
unanesthetized  3nimals^  In  the  clearance  experiments,  inulin  was  used  to 
monitor  glomerular  filtration-  rate  and  an  electromagnetic  flow  meter  was 
used  to  monitor  renal  blood  flow.  Although  at  low  doses  GFR  and  renal  blood 
flow  increased,  this  effect  was  not  sustained  and  at  high  doses  decreased 
renal  blood  flow  was  observed  while  urine  flow  was  sustained  at  high  rates. 

The  second  major  type  of  experiment  undertaken  involved  the  use  of  jrenal 
cortex  slices^  These  studiesyere  done  to  determine  whether  or  not  direct 
effects  of  organophosphate  compounds  on  renal  slice  function  could  be  observed. 
DFP  was  found  to  inhibit  the  transport  of  p-aminohippurate  (PAH)  whether 
administered  in  vivo  or  added  to  slices  in  vitro,  while  effects  on  the 
transport  of  the  cation  tetraethylammonium  were  produced  less  regularly, 


Acceston  For  " r 

NT»$  CRA&J  r 

OTIC  TAB  c 

U.-.anno!i.icod  Q 

Justification  ^ 

By  . . 

Di.t  ib'jtion/ 

£v.iif3bi»ity  Codes 

.  Avriil  U’ld/or 
Ul-t  -VJuUdl 


L41L1 


Si 


usury 

The  present  progras  was  undertaken  to  exanine  whether  or  not  organophosphate 
eholineateraae  inhibitors  have  effects  on  renal  fnnction  and  transport  in  the  rat. 
These  studies  were  proposed  becasse  of  several  snggestions  in  the  scientific 
literature  that  cholinergic  agents  say  have  direct  effects  on  renal  transport  above 
and  beyond  effects  exerted  through  changes  in  renal  blood  flow.  The  organophosphate 
inhibitors  are  particularly  suitable  because  of  their  long  lasting  effects. 

To  date*  two  types  of  experiments  have  been  undertaken.  First,  studies  were 
undertaken  in  unanesthetized  rats  to  exanine  the  effects  of  diisopropyl 
fluorophosphate  (DFP)  on  overall  renal  function.  Aninals  were  given  single 
subcutaneous  doses  of  DFP  ranging  fron  1  to  4  ng/kg,  placed  in  netabolisn  cages,  and 
renal  function  followed  for  several  days.  These  studies  indicated  that  DFP  caused 
increased  urine  flow,  a  decreased  osmolality  of  the  urine,  an  increased  sodium 
excretion,  and  an  increased  excretion  of  protein,  glucose  and  blood.  No  effects  were 
observed  on  the  excretion  of  potassium.  The  effects  were  of  a  transient  nature  with 
a  return  to  the  control  status  by  24  hours.  The  effects  observed  did  not  correlate 
well  with  inhibition  of  renal  cholinesterase. 

Clearance  studies  on  anesthetized  animals  confirmed  the  results  on  the 
unanesthetized  animals.  In  the  clearance  experiments,  inulin  was  used  to  monitor 
glomerular  filtration  rate  and  an  electromagnetic  flow  meter  was  used  to  monitor 
renal  blood  flow.  Although  at  low  doses  GFR  and  renal  blood  flow  increased,  this 
effect  was  not  sustained  and  at  high  doses  decreased  renal  blood  flow  was  observed 
while  urine  flow  was  sustained  at  high  rates. 

The  second  major  type  of  experiment  undertaken  involved  the  use  of  renal  cortex 
slices.  These  studies  were  done  to  determine  whether  or  not  direct  effects  of 
organophosphate  compounds  on  renal  slice  function  could  be  observed.  DFP  was  found 
to  inhibit  the  transport  of  p-aminohippurate  (PAH)  whether  administered  in  vivo  or 
added  to  slices  in  vitro,  while  effects  on  the  transport  of  the  cation 
tetraethylammonium  were  produced  less  regularly. 
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FOREWORD 


In  conducting  the  research  described  in  this  report,  the  investigator 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals," 
prepared  by  the  Committee  on  Care  and  Use  of  Laboratory  Animals  of  the 
Institute  of  Laboratory  Animal  Resources,  National  Research  Council  (DREW 
Publication  No.  (NIH)  78-23,  Revised  1978). 
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This  project  was  designed  to  character J.ze  possible  effects  of  cholinesterase 
Inhibitors  (i.e..  tbs  orfsnophospbste  compound*)  on  renal  function  and  transport  in 
the  rat.  The  stndies  were  proposed  beesnse  of  several  suggestions  in  the  scientific 
literature  that  the  cholinergic  nervous  system  nay  plan  an  important  role  in  renal 
fnnetion  and  transport  (Barajas,  1978;  Carter,  1971).  Although  cholinergic  agents 
have  effects  on  the  kidney,  studies  have  not  been  undertaken  to  exanine 
organophosphate  cholinesterase  inhibitors  for  their  direct  effects  on  transport  or 
transport  functions. 

The  initial  investigations  proposed  were  to  have  involved  an  assessaent  of  the 
effects  of  organophosphate  compounds  on  fluid  and  electrolyte  balance  in  the  rat. 
Originally,  it  was  proposed  that  these  studies  would  be  done  with  dilsopropyl 
f lnorophosphate  (DFP)  as  well  as  saveral  aore  reactive  substances,  pinacolyl 
aethylphosphorof luoridate  (soaan),  isopropylnethylphosphorof luoridate  (sarin),  and 
ethyl  n-diaethylphosphoroaaidocyanidate  (tabun).  Both  single  and  multiple  dose 
regiaens  of  the  test  coaponnds  were  to  be  studied  and  the  results  of  the  whole  animal 
experiments  were  to  be  related  to  effects  on  renal  function  produced  in  anesthetized 
rats.  The  latter  experiments  were  planned  in  order  to  permit  quantitative  assessment 
of  renal  blood  flow  and  gloaerular  filtration  rate  as  well  as  urinary  electrolyte 
excretion. 

Finally,  to  assess  whether  or  not  these  compounds  might  have  direct  effects  on 
renal  transport,  a  series  of  in  vitro  experiments  were  planned.  These  studies, 
initially,  were  to  involve  the  use  of  renal  cortex  slices  and  the  effects  of  the 
organophosphate  compounds  on  the  transport  of  model  organic  anions  and  cations  were 
to  be  investigated.  Should  effects  be  observed  with  the  in  vitro  experiments, 
evidence  would  have  been  obtained  to  suggest  a  direct  effect  of  the  organophosphate 
compounds  on  a  tissue  transport  function  as  opposed  to  effects  of  these  substances 
mediated  through  alterations  in  renal  hemodynamics.  Of  course,  all  of  the  above 
studies  were  to  be  correlated  with  changes  in  cholinesterase  activity  of  the  kidney. 

Results.  The  first  studies  undertaken  were  those  related  to  the  alteration  of  renal 
function  in  the  unanesthetized  rat  by  DFP.  In  conjunction  with  these  studies,  the 
effects  of  DFP  on  various  renal  function  parameters  in  the  anesthetized  rat  also  were 
examined.  Both  of  these  studies  are  well  along  and  a  manuscript  has  been  submitted 
for  publication  (see  appendix).  Because  the  data  are  summarized  in  great  detail  in 
the  enclosed  manuscript,  only  a  brief  summary  of  the  results  will  be  given  here. 

DFP  administered  subcutaneously  in  a  single  dose  ranging  from  1-4  mg/kg  produced 
significant  alterations  in  renal  function  in.  the  unanesthetized  rat.  Urine  volume 
increased,  the  osmolality  of  the  urine  fell,  sodium  excretion  increased,  and  the 
excretion  of  protein,  gluoose  and  blood  also  increased.  Potassium  excretion  was 
unaffected.  The  time  course  of  the  response  was  of  such  a  nature  that  return  to  a 
control  status  was  realized  by  24  hours.  The  primary  effects  were  observed  within 
the  first  two  and  a  half  to  six  hours  after  administration  of  the  DFP.  These  effects 
were  not  related  to  contraction  of  the  bladder,  since  similar  responses  were  observed 
in  the  anesthetized  rat  where  the  ureters  were  cannulated  directly.  In  addition,  the 
volume  of  urine  excreted  over  a  two  and  a  half  to  six  hour  period  greatly  exceeded 
that  that  could  be  held  by  a  normal  rat  bladder. 


tl»«*  vere  bo t  ititiitiullf  il|ii(leut.  The  only  rtiiov  for  mentioning 
tin*  effeets  la  to  rooall  that  aarliar  vorkara  (Carter,  1971)  demonstrated  a  simile* 
direction  of  ehaaga  la  aodium  aad  potassium  with  tha  addltioa  of  eholiaa  aatara. 
Furthermore,  la  oar  azparlaaats  tkara  vaa  ao  altaratioa  la  total  tiaaaa  voter  or 
iaalla  apaaa.  Ia  addltioa*  tka  raaal  allea  aeeaaalatioa  of  TEA  vaa  aaaffaoted. 
However,  kotk  at  2.3  aad  at  t  koara  aftar  tka  administration  of  DFP,  PAH  traaaport* 
especially  la  tka  praaoaea  of  laotata,  vaa  significantly  depressed. 

To  a oaf Ira  tkat  tka  aetloaa  of  DFP  oa  PAH  traaaport  eoald  ba  a  diract  affect,  a 
aerie  a  of  la  vitro  experlaeata  vara  undertsken.  Ia  figure  2  are  data  vkick  document 
tka  necessity  of  aa  appropriate  period  of  praiacabatioa  of  tka  freak  raaal  cortex 
aliaaa  vitk  DFP  if  affaata  are  to  ba  obaarvad.  For  tkaaa  experlaeata,  the  reaal 
eortex  aliaaa  vara  pralaaabatad  for  tka  tiaiaa  apaeifiad  ia  tka  figure  aftar  vhich  a 
tvo  komr  uptake  axpariaaat  vaa  performed  aa  la  tka  otkar  experlaeata  to  aoaitor  the 
aaaaavlatioa  of  PAH  aad  TEA.  It  ia  notevorthy  tkat  tkrongh  30  aiaatea  of 
praiaaabatioa,  DFP  kad  ao  effect  oa  tka  traaaport  of  PAH  or  TEA  duriag  tha  aubaeqaaat 
tvo  hour  aacaavlatioa  study.  By  <0  aiaatea  aad  thereafter  a  aigaificaat  depressioa 
of  traaaport  oaaarrad.  Haaca,  ia  all  of  tka  subaeqaeat  experlaeata,  a  preincubation 
period  of  75  aiaatea  vaa  eaployed  bafora  tka  uptake  vaa  aeaaured. 

Tka  aext  three  figures  (3  through  S)  depict  tiaa  course  studies  for  tka  affect 
of  DFP  oa  tka  uptake  of  PAH  aad  TEA  by  raaal  cortex  slices.  Three  ooacaatratioas  of 
DFP  vara  studied.  Tha  first  coaeeutratioa  (S  x  10~®  N)  had  aigaificaat  affects  oa 
tka  traaaport  of  PAH  and  TEA.  although  tha  bigger  affects  vara  observed  vith  PAH.  At 
tha  higher  eoneeatratioas  of  DFP  aiora  dramatic  affects  vara  saaa  on  PAH  aad  at  the 
highest  concentration  oa  TEA.  Tka  tvo  hour  uptake  data  are  prasaatad  aa  percent  of 
eoatrol  ia  figure  6.  These  dose  response  data  demonstrate  that  TEA  transport  is 
affected  ia  vitro  as  is  tha  transported  of  PAH.  Tha  aeeaaalatioa  of  PAH  in  the 
abaanca  of  laotata  vas  signif leaatly  depressed  at  all  eoneeatratioas  studied  vith  as 
large  an  affect  seen  at  the  lovast  concaatratioa  as  at  tha  other  tvo. 

These  data  indicate  that  DFP  can  affect  directly  the  accumulation  of  an  organic 
aaioa  aad  perhaps  an  organic  cation  by  renal  cortex  slices.  This  effect  can  be 
observed  under  totally  in  vitro  conditions  or  after  the  administration  of  DFP  to  the 
intact  animal.  No  alterations  in  electrolyte  distribution  vere  noted  nor  vas  tissue 
oxygen  consumption  depressed  (data  not  presented),  vhich  suggests  an  effect  of  DFP 
otkar  than  one  of  generalized  tissue  toxicity.  The  details  of  mechanisms  of  the 
inhibition  of  organic  ion  transport  are  under  investigation. 

Thataver  these  mechanisms,  it  is  important  to  attempt  to  ascertain  vhether  or 
not  tha  affects  of  DFP  are  mediated  through  the  cholinergic  nervous  system.  One  vay 
to  test  this  possibility  is  to  attempt  to  block  the  effects  of  DFP  vith  a  cholinergic 
antagonists  such  as  atropine. 

First,  tka  effects  of  atropine  alone  vere  examined.  Various  concentrations  of 
atropine  vara  added  to  fresh  renal  cortex  slices  and  these  data  are  presented  in 
Figure  7.  At  relatively  lov  concentrations  atropine  produced  a  significant  reduction 
in  tha  accumulation  of  TEA  but  had  no  effect  on  the  accumulation  of  PAH  either  alone 
or  in  tha  presence  of  lactate.  Given  the  faot  that  atropine  is  a  base,  these  results 
are  not  surprising.  One  might  anticipate  competitive  inhibition  of  TEA  transport  by 
another  base. 

In  Figure  8  our  data  resulting  from  experiments  in  vhich  atropine  vas 
administered  intraperitoneally  sixty  minutes  before  the  slice  experiment  vss 
performed.  These  data  demonstrate  clearly  that  both  TEA  transport  and  the  transport 


•f  PAH  ttrt  affected  by  the  atropine.  Gosselin  and  colleagues  (Goscalin.  at  al.. 
19S5;  Gosselin,  jgJ,  al..  I960)  demonstrated  the  metabolism  of  atropine  to  anionic 
substances,  probably  conjugates,  and  it  is  probable  that  it  is  these  metabolites 
which  have  interfered  with  the  transport  of  PAH  in  this  experimental  protocol.  Once 
again,  TEA  transport  depression  is  probably  related  to  a  direct  competition  of  the 
base  for  transport.  Farther,  since  these  experiments  were  performed  over  a  two  hour 
period  after  pretreatment  of  the  animal  with  atropine,  the  data  suggests  that  the 
effect  of  atropine  administered  in  vivo  is  of  a  relatively  long  lasting  nature  as  far 
as  renal  slice  transport  is  concerned. 

In  Figure  9  and  10  are  data  from  experiments  where  OFP  and  atropine  were  added 
together.  For  the  in  vivo  experiments,  a  dose  of  atropine  of  S  mg/kg  was  used  which 
would  be  expected  to  interfere  with  PAH  transport.  The  data  in  Figure  9  indicate 
that  DFP  did  have  an  effect  on  PAH  transport  as  reported  above.  However,  when 
atropine  was  used  as  a  pretreatment  and  then  DFP  administered,  renal  slice  transport 
two  and  a  half  hours  later  was  no  more  depressed  than  after  DFP  alone.  This  might 
suggest  that  DFP  and  atropine  are  acting  through  a  similar  mechanism  and  that  the 
atropine  has  produced  a  depression  by  itself  and  blocked  a  further  effect  of  DFP. 

The  in  vitro  experiments  are  presented  in  Figure  10  and  tend  to  cloud  the  issue 
considerably.  Because  of  the  need  to  preincubate  the  slices  for  75  minutes  with  DFP 
in  order  to  see  a  reasonable  effect,  the  slices  were  also  preincubated  with  atropine 
for  75  minutes  prior  to  a  2  hour  uptake  experiment.  Although  the  variability  is 
considerable  in  this  protocol,  there  is  a  tendency  for  atropine  to  have  an  effect  in 
vitro  on  PAH  transport,  an  effect  which  was  not  observed  in  the  earlier  experiment 
where  no  preinoubation  was  employed.  Nonetheless,  given  that  caveat,  it  would  appear 
that  a  similar  interpretation  can  be  placed  on  these  data  as  on  the  in  vitro  data. 
That  is  to  say,  the  effects  of  the  two  inhibitors  were  not  additive,  but  it  would 
appear  as  if  the  effect  of  one  is  blunted  by  the  effect  of  the  other.  These  data 
would  be  consistent  with  a  common  mechanism  of  action  for  the  atropine  and  DFP, 
possibly  through  a  cholinergic  mechanism. 

At  best  these  data  must  be  viewed  as  equivocal.  Clear-cut  inhibition  by 
atropine  could  not  be  demonstrated,  although  the  data  suggest  that  atropine  or  DFP 
may  interfere  with  the  action  of  the  other.  The  problem  is  complicated  by  the  fact 
that  both  atropine  and  DFP  affect  slice  transport  of  organic  ions. 

Finally,  for  this  report  it  should  be  noted  that  to  date  no  experiments  have 
been  conducted  with  soman.  The  first  grant  year  commenced  on  1  September  1982, 
renovations  in  the  laboratory  were  begun  promptly,  but  the  delivery  of  a  hood  was 
delayed  for  approximately  10  weeks.  The  renovations  were  completed  by  mid-March  of 
this  year,  a  final  inspection  of  the  laboratory  held  in  June  and  the  first  shipment 
of  soman  arrived  in  September  1983. 
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Numerous  studies  have  suggested  a  role  for  the  nervous  system  in  renal 
function.  Several  cholinergic  agents  have  been  examined  for  effects  in 
vivo  and  in  renal  slices.  Effects  mediated  through  the  vascular  system  and 
also  direct  effects  have  been  reported.  In  this  study  the  irreversible 
cholinesterase  inhibitor,  diisopropylf luorophosphate  (DFP)  in  doses  of  1-4 
mg/kg,  was  tested  on  renal  function.  A  single  dose  of  DFP  (2,  3  or  4 
mg/kg)  caused  an  increased  flow  of  urine  of  low  osmolality  over  the  6  hours 
after  the  administration  of  the  drug  with  essentially  return  to  control 
status  by  24  hr  after  either  of  the  lover  doses.  Twenty-four  hours  after  4 
mg/kg,  urine  volume  was  less  and  urine  osmolality  greater  than  control. 
Renal  and  brain  cholinesterases  remained  depressed  24  hours  after  DFP. 
Inulin  clearance  was  increased  by  the  lover  doses  and  decreased  by  the 
highest  dose  in  anesthetized  rats.  Renal  blood  flow  measured  with  an 
electromagnetic  flow  meter  shoved  a  similar  dose-response  relationship. 
However,  urine  flow  increased  at  all  doses.  The  increased  urine  flow 
associated  with  decreased  inulin  clearance  (4  mg/kg)  and  renal  blood  flow 
(3  or  4  mg/kg)  suggest  a  direct  effect  of  DFP  on  renal  tubular  function. 
These  effects  do  not  appear  to  be  related  to  inhibition  of  cholinesterase. 
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Tk«  clearest  evidence  to  suggest  e  role  for  the  sutonoaic  nervous 
1b  the  regulation  of  renal  function  asy  well  have  coae  froa  the 
studiee  of  Barajas  and  colleagues  (e.g.,  2,  4,  5,  6.  7,  22/  reviewed  by 
Barajas*  3).  These  studies*  mostly  morphological  and  histochemical*  have 
yielded  evidence  of  an  extremely  rich  adrenergic  innervation  of  the  kidney 
in  aost  species  and  an  interesting  relationship  between 
**• *y 1 chol ine s t e r a se  and  that  adrenergic  innervation.  Several 
investigators  (16,  24,  28,  29/  reviewed  by  DiBona,  IS)  have  presented 
physiological  data  that  suggest  a  direct  role  of  the  syapathetic  nerves  in 
renal  tubular  sodiua  reabsorption,  i.e.,  not  nediated  through  alterations 
of  gloaerular  filtration  rate  (GFR)  or  renal  blood  flow  (RBF). 

DiBeot  effects  of  cholinergic  agents  on  renal  fnnetion  and  transport 
appear  to  be  more  complicated,  however.  Earlier  work  by  Carter,  Vender  and 
others  (26,  27,  23,  19,  21,  12)  demonstrated  that  there  were  effects  of 
cholinergic  agents,  but  Earley  and  Friedler  (17)  suggested  that  the 
increase  in  urine  flow  due  to  acetylcholine,  for  example,  was  due  to  an 
increase  in  medullary  blood  flow,  thus  resulting  in  a  washout  of  the 
medullary  interstitium.  Bence,  these  early  studies  suggested  that  whatever 
effecta  were  exerted  on  renal  function  by  cholinergic  agents  were  related 
to  increases  in  renal  blood  flow  because  cholinergic  agents  are 
vasodilators.  The  work  of  Carriers  *1.  (10)  called  this  interpretation 
into  question,  since  these  workers  found  no  change  in  medullary  blood  flow 
after  ^Ministration  of  acetylcholine  or  other  vasodilators.  These  studies 
utilised  the  krypton  washout  technique.  Further  Avrunin  and  Carter  (1) 
found  no  washout  of  the  cor tico-medul 1  ary  sodium  gradient  in  the  rat 
kidneys  sfter  administration  of  bethanechol. 


Hie  possiblity  of  direct  effects  of  cholinomimetics  on  renal  function 
was  investigated  by  Carter  and  colleagues  (12,  13,  14,  11).  Through  these 
nany  investigations.  Carter's  group  demonstrated  that  acetylcholine  and 
prop ionyl choline  could  alter  renal  slice  function  after  direct  addition  of 
these  compounds.  When  used  in  high  concentrations,  increases  in  tissue 
sodium  and  decreases  in  tissue  potassium  were  observed.  Tissue  oxygen 
consumption  was  increased.  Atropine  blocked  the  effects  of  acetylcholine 
on  sodium  accumulation  in  these  slice  studies.  Although  it  is  by  no  means 
clear  how  these  data  fit  into  the  overall  scheme  of  a  cholinomimetic- 
induced  diuresis,  they  do  demonstrate  a  direct  action  of  these  compounds  on 
renal  cell  electrolyte  balance. 

Carter's  group  did  not  examine  the  effects  of  cholinesterase 
inhibitors  on  overall  renal  function  or  on  renal  slice  electrolyte  balance. 
Cholinesterase  inhibitors  might  have  effects  on  renal  function  similar  to 
those  of  cholinomimetics.  or  might  net  through  direct  mechanisms  related  to 
the  inherent  reactivity  of  these  active  phosphory 1  at ing  agents.  The 
present  study  was  undertaken  to  examine  the  effects  of  organophosphate 
chol  inester  a  se  inhibitors,  specifically  di  i  sopropylf  luorophosphate  (DFP), 
on  renal  function  in  the  rat. 


MATERIALS  AND  METHODS 


Male  Sprague-Dawley  rats  (approxinately  200-2S0  g)  from  Charles  River 
Laboratories,  Wilmington,  MA  or  Blue  Spruce  Farms,  Altamont,  NT  were  used 
in  these  studies.  DFP  was  purchased  from  Calbiochem.  Comparable  effects 
were  obtained  with  each  of  the  two  lots  used  (#101318  and  #201781).  Single 
doses  of  DFP  were  administered  subcutaneously  as  indicated.  Prior  to  and 
during  the  experiments,  the  animals  were  housed  in  a  room  with  automatic  12 
hour  light-dark  cycles  and  a  controlled  temperature  of  25°C. 

For  the  experiments  with  unanesthetized  animals,  the  rats  were  housed 
individually  in  stainless  steel  metabolism  cages.  One  24-hr  period  of 
adaptation  was  allowed  before  any  urine  collections.  Subsequently  two  or 
three  control  days  were  allowed  before  injection  of  the  DFP  subcutaneously. 
On  each  control  and  experimental  day,  food  was  not  available  during  the 
first  six  hours  (0830-1430  hours),  although  water  was  available  ad  libitum. 
Powdered  Purina  Rat  Chow  was  provided  during  the  remaining  18  hours  of  each 
control  or  experimental  day.  Three  urine  samples  were  collected  on  each 
day:  0-2.5  (0830-1100  hours)  hours,  2. 5-6.0  hours  and  over  the  last  18 
hours  of  each  day.  Water  and  food  consumption  were  determined  for  each  24 
hour  period,  and  the  animals  were  weighed  daily. 

Urine  samples  were  analyzed  for  volume,  osmolality,  sodium,  and 
potassium.  Excretion  of  glucose,  protein  and  blood  were  assessed 
qualitatively  with  BiliLabStix  (Ames). 

Cholinesterase  activity  was  assessed  by  the  method  of  Ellman  e_t  a  1 . 
(18).  Kidneys  and  brains  were  homogenized  in  0.1  M  phosphate  buffer,  pH 
8.0,  in  a  Potter-Elvehj em  homogenizer  with  approximately  20-40  mg  of  tissue 
per  ml.  Aliquots  (no  more  than  0.4  ml)  of  the  homogenate  were  added  to 
cuvettes  containing  2.6  ml  of  0.1  M  phosphate  buffer  and  5,5'-dithiobis-2- 
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nitrobenxoic  acid  (DTNB)  reagent  (0.01  M  la  0.1  H  phosphate  buffer,  pH 
7.0).  Twenty  aicroliters  of  aeety lthioehol iae  iodide  (0.07S  N)  or 
butyrylthiocholine  iodide  (0.075  M)  were  added  to  the  sample  curette.  The 
abeorbaaoe  was  measured  at  412  nm  with  a  Beckman-2600K  spectrophotometer  or 
a  Oilsoa  spectrophotometer  aad  changes  in  abeorbaaoe  were  recorded.  Ia 
studies  of  the  Is  vitro  inhibitory  effects  of  DFP,  the  same  procedures  were 
used  except  that  various  concentrations  of  DFP  were  added  directly  to  the 
reaction  mixture. 

In  the  experiments  where  hemodynamic  parameters  were  measured  the  rats 
were  anesthetized  with  pentobarbital  (60  mg/kg  i.p.).  Inulin  clearance  was 
measured  to  assess  glomerular  filtration  rate  (GFR),  and  total  renal  blood 
flow  was  monitored  with  an  electromagnetic  flow  meter  (Carolina  Medical 
Electronics,  Inc.).  One  jugular  vein  and  one  carotid  artery  were 
oannulated  with  polyethylene  tubing  (PE  50),  and  both  ureters  were 
cannulated  with  PE  10  tubing.  A  tracheal  cannula  also  was  inserted  to 
facilitate  breathing.  A  saline  solution  (0.15  M  sodium  chloride) 
containing  14c-inulin  was  infused  i.v.  at  0.3  ml/min  for  15  minutes  and 
subsequently  at  0.075  ml/min.  Blood  samples  were  taken  periodically  over 
the  course  of  the  experiment.  Urine  was  collected  at  15  minute  intervals 
with  two  control  urine  samples  collected  before  the  subcutaneous  injection 
of  the  DFP.  DFP  was  administered  in  doses  of  1  mg/kg,  SO,  at  one-half  hour 
intervals.  Inulin  in  urine  and  plasma  was  assayed  by  liquid  scintillation 
spectrometry.  Although  blood  flow  was  measured  continuously,  the  values  at 
the  mid-point  of  each  urine  collection  were  used  for  statistical  analyses 
and  data  presentation.  The  two  values  for  control  and  each  dose  of  DFP 
were  averaged,  as  were  the  urine  flows  and  inulin  clearances. 

Urine  osmolality  was  measured  by  freezing  point  depression  with  an 
Advanced  Laboratory  Osmometer,  Model  3L.  Urinary  sodium  and  potassium 


concentrations  vara  astaaaad  with,  flame  emission  photometry 
(Instrumentation  Laboratories,  Modal  343)  utilizing  lithium  as  an  internal 

standard. 

Statistical  analyses  were  performed  with  Student's  t  test  or  an  Analy¬ 
sis  of  Variance  with  the  significance  of  the  differences  between  means 
determined  by  Student-Neuman-Keul s  test  (25).  Probability  values  of  p  <  .05 
were  accepted  as  significant. 
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RESULTS 


The  data  in  Figaro  1  are  renal  cholinesterase  messnrements  which 
correspond  in  tine  to  the  three  nrine  collections  made  in  the  experiments 
with  ananesthetixed  animals.  In  Panel  A  are  data  obtained  with  kidney  and 
brain  ntilizing  acetylthiocholine  as  sabstrate.  In  Panel  B  are  similar 
data  with  bntyrylthiochol ine  as  sabstrate  to  monitor  non-specific 
esterases.  Of  the  three  time  periods  measured,  maximal  effects  were 
observed  at  2.5  hoars  for  kidney.  Significant  inhibition  of  enzyme 
activities  persisted  at  24  hoars  after  the  single  dose  of  DFP,  althoagh 
there  was  a  tendency  for  the  renal  enzyme  activity  to  recover.  Recovery  of 
brain  cholinesterase  over  this  time  period  was  less  marked  than  with 
kidney. 

Experiment s  with  ananesthetixed  animals.  Body  weight  changes,  food 
and  water  consamption  data  have  been  pablished  elsewhere  by  Lim  e_t  al. 
(20).  For  completeness,  these  are  sammarized  here.  Only  the  two  higher 
doses  of  DFP  (3  or  4  mg/kg)  altered  body  weight,  food  or  water  consumption. 
A  10-15%  decrease  in  body  weight  was  observed  by  24  to  48  honrs  after  DFP  4 
mg/kg.  A  lesser  effect  was  noted  with  3  mg/kg  and  no  effect  at  the  lower 
doses.  Normal  rates  of  body  weight  gain  were  present  for  each  group  by  3 
days  after  DFP.  Food  consamption  wss  decreased  to  60%  of  control  by  the 
second  day  after  the  largest  dose  of  DFP,  and  all  groaps  of  animals  had 
normal  food  consamption  by  day  3  after  DFP.  A  modest,  bat  significant, 
increase  in  food  consamption  was  observed  with  the  high  dose  group  from 
days  5  through  8.  Vater  intake  fell  50%  from  control  levels  of 
approximately  15  ml/100  g/day  within  24  hours  of  DFP  administration  with 
recovery  by  48  hoars. 

Drintry  excretion  of  glacose,  blood  and  protein  (mostly  albumin)  also 
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occurred  with  the  higher  doses  of  DFP.  The  date  in  Figure  2  depict  results 
with  3  mg/kg,  hut  siailar  results  were  seen  with  4  mg/kg.  These  semi- 
quantitative  assessments  indicated  that  major  urinary  glucose  excretion 
ocenrred  earlier  than  nrinary  excretion  of  other  substances.  Gross  protein 
excretion  oocurred  late.  Significant  quantities  of  blood  appeared 
throughout  the  30  hours  following  DFP  administration  with  peak  excretion 
seen  between  2.5  and  6  hours. 

The  data  presented  in  figures  3  through  6  are  for  the  first  six  hours 
of  each  control  or  experimental  day.  The  urine  flow  increased 
significantly  after  each  dose  of  DFP  as  compared  to  each  group  of  animals' 
control  urine  or  compared  to  the  urine  flow  of  a  control,  untreated  group 
(Figure  3).  As  the  urine  flow  increased,  the  urinary  osmolality  fell 
significantly  (Figure  4).  The  urinary  sodium  excretion  increased 
significantly  oyer  the  first  six  hours  of  the  post-treatment  period  (Figure 
5).  Urinary  potassium  excretion  over  the  same  time  period  was  not  changed 
significantly  (Figure  6). 

The  urinary  flow  rates  computed  for  each  of  the  three  time  periods  are 
presented  in  Figure  7.  At  each  dose  of  DFP,  the  maximal  response  was  seen 
in  the  first  2.S  hours.  Indeed  the  majority  of  the  effect  seen  over  the 
first  six  hours  post-trestment  (Figure  3)  was  attributable  to  the  early 
effect.  At  the  highest  dose  of  DFP,  a  significant  depression  of  urine  flow 
was  observed  over  the  last  18  hours  post- treatment.  Changes  in  urinary 
osmolalities  were  consistent  with  the  changes  in  volume  (Figure  8). 
Maximal  decreases  in  osmolality  occurred  when  the  urinary  flow  rate  was  the 
highest  at  each  dose  of  DFP.  The  osmolality  of  the  urine  collected  24 
hours  post-treatment  was  significantly  elevated  after  the  two  higher  doses 
of  DFP. 

Urinary  electrolyte  excretion  over  the  last  18  hours  of  each 
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experiment  it  presented  in  Figure  9.  Although  DFP  did  not  effect  potsssinn 
excretion  over  the  first  six  hours  of  the  experiment,  significsnt  decreases 
were  noted  from  (-24  hours  post-treatnent  with  the  two  higher  doses  of  DFP. 
Urinary  sodium  exoretion  also  was  decreased  significantly  after  the  highest 
dose  of  DFP. 

Experiments  with  anesthetized  animals.  The  data  in  Figure  10 
represent  blood  flows,  inulin  clearances  (GFR),  and  urine  flows  for  control 
and  each  of  four  DFP  treatments.  Although  urine  flow  showed  a  consistent 
increase  with  each  subsequent  dose  of  DFP,  neither  blood  flow  nor  GFR 
showed  consistent  changes.  The  most  striking  dissociation  of  urine  flow 
from  hemodynamio  parameters  was  observed  in  the  last  period  (total  dose  of 
4  mg  DFP/kg)  where  both  blood  flow  and  inulin  clearance  fell  markedly  while 
urine  flow  remained  elevated. 
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DISCUSSION 

The  renal  response  to  an  acute  dose  of  DFP  had  a  short  latency  and  was 
not  sustained*  The  increased  excretion  of  water  and  sodina  is  consistent 
with  the  earlier  observations  of  Carter  and  colleagues  (12,  23,  21),  and  of 
Vander  (26,  27).  In  these  studies  the  direct  effects  of  cholinomimetic 
agents  were  investigated.  Although  these  effects  may  have  been  related  to 
an  increased  blood  flow  which  resulted  from  vasodilation,  experimental  data 
to  support  this  supposition  were  not  forthcoming  (10).  Further,  the  data 
presented  here  also  do  not  support  that  suggestion  unequivocally.  Although 
total  renal  blood  flow  increased  significantly  at  low  doses  of  DFP,  this 
effect  was  not  sustained  at  higher  doses.  Furthermore,  regardless  of  the 
status  of  blood  flow  or  GFR,  urine  flow  rose,  suggestive  of  a  tubular 
action  of  DFP.  Similar  experiments  were  performed  with  neostigmine  (data 
not  presented).  Although  neostigmine  has  a  much  shorter  duration  of  action 
than  DFP  no  effects  on  urine  flow  or  GFR  were  observed.  Renal  blood  flow 
fell  toward  the  end  of  each  experiment,  but  at  no  time  in  any  experiment 
was  blood  flow  increased.  At  the  mid-point  of  the  urine  collection  periods 
when  blood  flow  was  measured  renal  acetylcholinesterase  ranged  from  14  to 
30%  of  control  depending  on  the  dose  of  neostigmine.  These  observations 
further  substantiate  the  suggestion  that  the  effects  of  DFP  were  not 
related  to  inhibition  of  cholinesterase  and  may  represent  a  direct  effect 
of  this  reactive  compound. 

Finally,  it  is  noteworthy  that  after  DFP  renal  cholinesterase 
activities,  unlike  renal  function,  failed  to  return  to  normal,  although  the 
tendency  for  the  renal  enzyme  activities  to  recover  was  greater  than  that 
of  brain.  That  is.  a  significant  reduction  in  renal  enzyme  activity 
persisted  even  at  24  hours  after  administration  of  a  single  dose  of  DFP 
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when  renal  function  parameters  had  returned  to  noraal.  In  addition.  Carter 
(12)  noted  that  whenever  a  chol inoaiaetic  enhanced  eodiua  excretion, 
potassina  excretion  increased  as  well.  This  was  not  true  in  these  studies. 
The  control  nr inary  potassina  concentrations,  however,  varied  considerably 
froa  day  to  day,  thereby  perhaps  obscuring  any  effects  of  DPP.  That  is, 
although  DFP  tended  to  increase  potassium  excretion  (note  particularly 
trends  with  2  or  4  ag  DFP/kg,  variability  of  controls  obviated  any 
significance  being  attributed  to  these  effects.  Note  that  the  control 
values  in  the  3  mg/kg  protocol  varied  by  almost  100%.  While  the  DFP  effect 
was  less  even  when  compared  to  a  single,  minimum  control  value.  Although 
sodium  excretory  controls  may  have  varied  as  much  as  those  for  potassium, 
the  DFP  effect  was  from  2.5  to  4.5  times  control. 

It  is  interesting  to  note  that  the  enhanced  sodium  excretion  over  the 
first  6  hours  was  compensated  for  fully  by  a  reduced  sodium  excretion  froa 
6  to  24  hr.  The  significant  decrease  in  potassium  excretion  over  this  18 
hr.  period  remains  unexplained  since  a  significant  increase  in  potassium 
excretion  did  not  occur  early  in  the  experiment.  The  decreased  osmolality 
observed  after  DFP  was  consistent  with  the  increased  urine  flow  over  the 
sane  tiae. 

Because  the  action  of  DFP  on  renal  function  was  relatively  short¬ 
lived,  it  aight  be  suggested  that  the  increase  in  urine  flow  was  due  to 
cholinergic  atiaulation  of  bladder  contraction.  This  is  not  likely  for  two 
reasons.  First,  the  volumes  of  urine  excreted  over  the  first  6  hours  were 
considerably  larger  than  could  be  contained  in  the  rat  urinary  bladder. 
Secondly,  in  the  experiaents  with  anesthetized  rats  the  nreters  were 
cannulated  directly,  obviating  any  urinary  excretory  effect  mediated 
through  bladder  contraction. 

Whether  or  not  this  effect  of  DFP  reflects  a  nephrotoxic  response  or  a 
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diuretic  effect  it  ancletr.  Semi-quantitative  assessment  of  urinary 
protein  end  glucose  excretion  were  undertaken,  bnt  the  data  were  not 
absolutely  unequivocal.  At  the  highest  dose  of  DFP  studied  (4  ag/kg), 
urinary  glucose  excretion  increased  aany  fold  fron  less  than  1  |ig/hr  to 
over  30,  with  a  lesser  response  at  lover  doses  (see  Fig.  2).  Increased 
urinary  glucose  excretion  sight  veil  be  indicative  of  a  nephrotoxic 
response  (8,  9),  although  no  effect  vas  observed  on  glucose  excretion  at 
the  lovest  dose  of  DFP  despite  alterations  in  other  renal  function 
parameters.  Increased  urinary  protein  excretion  also  vas  observed  at  the 
higher  doses,  but  did  not  coincide  vith  the  increased  glucose  excretion. 
Although  the  urinary  excretion  of  blood  might  suggest  renal  damage,  it  also 
might  be  indicative  of  damage  to  the  ureters  or  urinary  bladder.  Overall, 
hovever,  a  contemporaneous  increase  in  the  urinary  excretion  of  glucose, 
blood  and  protein  certainly  suggests  the  occurrence  of  acute  renal  damage. 

Whatever  the  effect  of  DFP  on  renal  function  in  the  rat,  the  action 
appears  to  be  unrelated  to  the  veil  knovn  cholinergic  effects  of  this 
organophosphate  cholinesterase  inhibitor.  Hovever,  the  chemical  reactivity 
of  DFP  aay  be  responsible  for  the  effects  observed.  That  is,  the  DFP  Bay 
react  vith  important  renal  tissue  sites  involved  vith  normal  homeostatic 
renal  mechanisms  and  through  this  interaction  alter  renal  function  or 
produce  a  modest,  self-limiting  acute  renal  damage.  Studies  are  presently 
undervay  to  examine  possible  direct  effects  of  DFP  on  specific  renal 
transport  mechanisms  in  rat  renal  tissue.  Direct  effects  on  PAH  transport, 
for  example,  might  be  indicative  of  the  reaction  of  DFP  vith  the  renal  PAH 


transport  site. 
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Figaro  1.  Renal  and  brain  cholinesterase  activity  aeasured  at  various 

times  after  DFP  (2  mg/kg).  The  numbers  at  the  bottom  of  the 
bars  refer  to  hours  after  DFP  administration  and  C 
represents  control.  The  height  of  the  bar  is  the  mean  and 
the  vertical  line  the  standard  error  for  N  =  6 . 

Panel  A.  Acetylthiocholine  as  substrate. 

Panel  B.  Butyrylthiocholine  as  substrate. 


IjVV  l.»  ». 


Glucose 


Urinary  Concentrations 


Figure  2. 


hours 


Urinary  concentration  of  glucose,  blood  or  protein  after  a 
single  dose  of  DFP  (3  mg/kg).  The  height  of  the  bar  is  the 
mean  and  vertical  line  the  standard  error  for  N  **  6.  The 
vertical  axis  represent  arbitrary  values  for  each  substance 


measured. 
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Figure  3.  Effect  of  DFP  os  six  hour  arise  flov.  The  unfilled  her* 

represent  controls  sad  the  filled  bars  the  six-hour  urine 
flov  st  each  dose  of  DFP.  The  height  of  each  bar  is  the 
■can  and  the  vertical  line  the  standard  error  for  N  ■  4. 
Statistically  significant  values  (p  <  .03)  are  indicated  by 


asterisks 
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Figure  4.  Effect  of  DFP  on  urine  osnolality.  The  unfilled  bars 

represent  controls  and  the  filled  bars  the  osaolality  of  the 
urine  collected  for  6  hours  after  the  indicated  dose  of  DFP. 
The  height  of  each  bar  is  the  mean  and  the  vertical  line  the 
standard  error  for  N  «  4.  Statistically  significant  values 
(p  <  .05)  are  indicated  by  asterisks. 


Day* 

Figure  5.  Urinary  aodinn  excretion,  over  6  hours  after  DFP 

administration.  The  unfilled  bars  are  controls  and  the 
filled  bars  the  post-DFP  treatment  values.  The  height  of 
the  bar  is  the  mean  and  the  vertical  line  the  standard  error 
for  N  -  4.  Statistically  significant  values  (p  <  .05)  are 
indicated  by  asterisks. 
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Figaro  6. 


Urinary  potassium  excretion  over  6  hoars  after  DFP 
adninistration.  The  unfilled  bars  are  controls  and  the 


filled  bars  the  post-DFP  treatment  valnes.  The  height  of 


the  bar  is  the  mean  and  the  vertical  line  the  standard  error 


for  N  *•  4. 


Figure  7 


Time  coarse  of  arinery  flow  for  24  hoars  after  DFP 
sdainistration.  The  height  of  each  bar  represents  the  erine 
flow  averaged  over  the  tine  indicated.  The  vertical  line  is 
the  standard  error  for  N  *  4.  The  heavy  line  and  hatched 
areas  are  control  valaes  for  these  animals  obtained  for  3 
days  before  administration  of  DFP. 


0  24  0  24  O  24 

Hoar* 


Figure  8.  Urinary  oaaolality  measured  at  three  tines  after  DFP 

administration.  Each  point  is  the  aean  and  the  vertical 
line  the  standard  error  for  N  **  4.  Statistically 
significant  valnes  (p  <  .05)  are  indicated  by  asterisks. 
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Figure  9.  Urinary  electrolyte  excretion  from  6  to  24  hours  after  DFP 

adainistration.  The  height  of  each  bar  i«  the  scan  and  the 
vertical  line  the  standard  error  for  N  ■  4. 
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Figure  10.  Effect  of  DFP  on  xenel  blood  flow  (one  kidney),  inulin 
clearance  and  urine  flow.  Each  point  ie  the  nean  and 
vertical  line  tbe  standard  error  for  N  *»  2  (period  4)  or  4 
experiments.  DFP  was  administered  in  doses  of  1  mg/kg,  SO, 
prior  to  eacb  period  1  through  4. 


